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PROPERTIES OF HYDROXYPROPYLMETHYL CELLULOSE 
STABILIZED EMULSION IN THE PRESENCE 
OF SODIUM DODECYLSULFATE 
Verica J. Sovilj, Jelena V. Šaletić, Lidija B. Petrović and Petar P. Dokić 
Many food, pharmaceutical, cosmetic and chemical products exist in the form of 
emulsions. A common problem with emulsions is their instability. One method of effec-
tive protection against coalescence of the particles is to raise the viscosity and lower 
surface tension by adding a polymer and low-molar-mass surfactant. Interaction be-
tween polymer and surfactant could change the adsorption layer around the oil droplets 
in emulsion which effects emulsion stability. In this paper, the influence of low-molar-
mass anionic surfactant, sodium dodecylsulfate (SDS), on the properties of hydroxypro-
pylmethyl cellulose (HPMC) stabilized emulsion, has been investigated. Changes of 
viscosity and rheological properties of emulsion caused by the HPMC-SDS interaction 
in continuous phase were measured and stability of emulsions was observed during two 
months of storage. Significant increase in viscosity and stability of the emulsions was 
found at SDS concentrations leading to HPMC-SDS interaction in the continuous phase. 
Stability of emulsions changed with time and was influenced by the HPMC-SDS interac-
tion. 
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INTRODUCTION 
Many food, pharmaceutical, cosmetic and chemical products exist in the form of emul-
sions, whereby one immiscible (dispersed) phase is distributed in another (continuous) 
phase. These can be oil-in-water (O/W), water-in-oil (W/O) or complex multiple emul-
sions (W/O/W or O/W/O). Emulsions are thermodynamically unstable systems and tend 
to separate in order to minimize their interfacial area between the aqueous and oil phase. 
A common problem with emulsions is their instability. Stable emulsions show no signi-
ficant changes their internal structure during a certain time of observation, i.e. the rate of 
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coalescence is sufficiently low. One method of effective protection against coalescence 
of the particles is to raise the viscosity of the outer phase with the aid of a polymer, i.e. 
hydrocolloid. On the other hand, hydrocolloids often have hydrophilic and hydrophobic 
subregions, so that these amphiphilic polymers act as polymeric emulsifiers that are able 
to adsorb at liquid interfaces and thus low the interfacial tension (1, 2). In commercial 
products, beside hydrocolloids, some other components like low-molar-mass surfactant 
are often present as emulsifiers. Interaction between polymer and surfactant could change 
the adsorption layer around the oil droplets influencing thus the emulsion stability (3). 
Hydroxypropylmethyl cellulose (HPMC) is a water-soluble hydrophobically-modi-
fied cellulose derivative widely used in a large number of industrial applications as poly-
meric emulsifier. Hydrophobic methoxyl and hydroxypropyl groups are the binding sites 
for low-molar-mass surfactant, forming various polymer-surfactant complexes which 
could influence emulsion properties (4). The aim of this paper was to investigate the in-
fluence of low-molar-mass anionic surfactant, sodium dodecilsulfate (SDS), on the pro-
perties of hydroxypropylmethyl cellulose stabilized emulsion. To the emulsion of sunflower 
oil in HPMC solution prepared, SDS was added at various concentrations. Changes of 
rheological properties of the emulsion caused by the HPMC-SDS interaction in conti-
nuous phase were measured and stability was observed during two months of storage. On the 
basis of these investigations, stability and compatibility tests for added various agents can 
be assessed, which is relevant to emulsion technology (5). 
EXPERIMENTAL 
Hydroxypropylmethyl cellulose (HPMC), (Methocel K4M), obtained from Colorcon 
Ltd., England, was used without further purification. Sodium dodecylsulfate (SDS), 
purity > 99%, was obtained from Merck, Germany, with critical micelle concentration of 
0.244 %, determined by conductometric titration at 20°C. As dispersed phase sunflower 
oil (“Sunce”- Sombor) was used.  
A stock O/W emulsion was prepared by dispersing 20% (w/w) of sunflower oil in 
HPMC solution at 20°C, by means of an Ultraturrax T-25 (Janke&Kumkel, Germany) 
homogenizer at 6000 rpm. To this emulsion with preadsorbed HPMC, various amounts 
of 3% SDS solution were added to achieve desired concentration (0, 0.06, 0.15, 0.25, 
0.45, 0.55, 0.65, 0.75, 0.85, 1.0, 1.25, 1.5 and 2.0%) in 1.0% HPMC and left for 24 h in order 
to get released the air entrapped bubles. The emulsion thus prepared has the uniform par-
ticle size and particle size distribution. Particle diameters in stock emulsion were measured 
from the microphotography and expressed as volume-surface mean (6). The obtained value 
was d32= 7.35 µm. 
 
Rheological measurements were performed using electrorotational viscometer RV20 
(“Haake”- Germany) at 20°C. Continuous loop method was applied. Shear stress τ (Pa) 
was determined by continually changing shear rates D (s
-1) from zero to maximal one 
(Dmax =243 s
-1
 ), and backward. The obtained flow curves show pseudoplastic and New-
tonian behaviour. The pseudoplastic behaviour can be presented by the known Ostwald-
Reiner power law (7): 
  τ= KD
n   [1] 143 
where coefficient K is the measure of consistency of the system and n (0<n<1) is the degree 
of non-Newtonian behaviour. The lower n, the more pronounced non-Newtonian beha-
viour. 
The apparent viscosity ηa (Pas) was calculated as: 
  ηa= τ/D  [2] 
For stability tests, the emulsions were transferred into graduated cylinders and stored 
for two months. After the storage the emulsions were separated into a cream layer at the 
top and a transparent serum layer at the bottom of the cylinder. Total height of the emul-
sion HE and the height of serum layer HS were measured. The extent of creaming was 
characterized by the creaming index (3): 
 H=100  HS/HE (%)  [3] 
The creaming index provided indirect information about the stability. The higher the 
creaming index, the worse emulsion stability. Creaming index was calculated in a first 
week every day, and later every week. 
RESULTS AND DISCUSSION 
Interaction between HPMC and SDS has been previously investigated by rheo-
logical measurements of the 1% HPMC solution in the presence of various SDS con-
centrations to determine SDS concentrations characteristic of the start and finish of inter-
action. The results of these investigations are presented in Fig.1, which shows the values 
of the apparent viscosity ηa calculated at low shear rate at which the structure of the sys-
tem is not destroyed (8). It is evident that at SDS concentrations up to 0.15 % the ap-
parent viscosity ηa is insensitive to the amount of SDS present, and no interaction between 
SDS and HPMC is detected. Above this concentration, which is called critical aggregati-
on concentration (CAC) (9), SDS molecules start to bind to the HPMC and cause in-
crease in viscosity to the maximum one and after that decreases to a constant value at the 
end of interaction (10). These changes of the apparent viscosity ηa are characteristic of 
the most nonionic polymer-anionic surfactant systems (5) and are influenced by various 
mechanism of the HPMC-SDS interaction and conformational changes of HPMC mole-
cules. 
To investigate the influence of the HPMC-SDS interaction in continuous phase of 
HPMC stabilized emulsion, SDS concentrations were chosen to cover the region before, 
at and after the interaction. The changes of the apparent viscosity ηa of emulsions at char-
acteristic SDS concentrations are also presented in Fig. 1. It is evident that the emulsion 
viscosity follows the changes of continuous phase viscosity, bat the values are higher due 
to the presence of dispersed oil droplets. At the SDS concentrations in the region of inter-
action of the continuous phase much higher values of emulsion viscosity than expected were 
observed, indicating that intermolecular cross linking due to the HPMC-SDS interaction 
forms a network around the oil droplets and a more compact structure that contributes to 
the viscosity (11). 144 
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Fig. 1. The values of apparent viscosity ηa of continuous phase (1.0% HPMC) and emulsions and 
creaming index of emulsions (H), in the presence of SDS concentrations  
The HPMC-SDS interaction influenced also rheological characteristics of the systems. 
Flow curves of the emulsions and corresponding continuous phase at characteristic SDS 
concentrations are presented in Fig. 2 and parameters of flow curves in Table 1. Flow 
curves exhibit a pseudoplastic behaviour at the SDS concentrations prior to the interac-
tion and in the interacting region, which changes to a Newtonian one at the end of the 
interaction. Parameters of flow curves of continuous phase of emulsions show increase in the 
non-Newtonian flow in the interacting region from 0.15% to 0.55% SDS i.e., higher 
values of the coefficient K and lower n. After that, the Newtonian flow is more pronounced 
(lower K and higher n values) and after 0.85% SDS the values are almost constant, indica-
ted the termination of interaction.  
It is evident that the introduction of SDS to the HPMC stabilized emulsion, increases 
the viscosity of continuous phase due to the interaction and hence can contribute to in-
creasing stability of the emulsions (2). On the other hand, the presence of the HPMC-SDS 
interaction in continuous phase could change the adsorption layer around the oil droplets 
and influence emulsion stability (12 ).  
The stability of the emulsions observed after 48 h is presented in Fig. 1. It is shown that 
creaming index H, which is a measure of stability, is also dependent on the HPMC-SDS 
interaction in continuous phase. Stability of the emulsion follows the changes in viscosi-
ty of continuous phase, i.e. the creaming index decreases with increasing viscosity. How-
ever, the emulsion stability changed during storage. The relationships creaming index – SDS 
concentrations are presented in Fig. 3.  145 
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Fig. 2. Flow curves of 1.0% HPMC solutions and corresponding 20% emulsions 
at various SDS concentrations 
Table 1. Parameters of flow curves for the disperse phase (1.0% HPMC) and corresponding 
emulsion of sunflower oil in the presence of various concentrations of SDS 
1.0 % HPMC  20% Emulsion  SDS (%) 
K n K n 
0.00  0.949 0.6298 1.499 0.6540 
0.06 1.382  0.5880  -  - 
0.15  1.679 0.5784 2.076 0.5969 
0.20 2.390  0.5543  -  - 
0.25  2.975 0.5511 4.947 0.5384 
0.35 3.165  0.6050  -  - 
0.45  2.892 0.6360 5.407 0.5819 
0.55  2.933 0.6425 4.389 0.6279 
0.65  1.817 0.7185 4.067 0.6366 
0.75  1.157 0.7829 2.226 0.7289 
0.85  0.661 0.8465 1.932 0.7347 
1.00 0.302  0.9201  -  - 
1.25 0.155  0.9662  -  - 
1.50 0.076  0.9533  -  - 
2.00  0.043 0.9307 0.312 0.9128 146 
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Fig. 3. Changes of creaming index H of 20% emulsions as a function 
of SDS concentration during storage  
It is evident that the changes in emulsion stability with time are more pronounced in 
the HPMC-SDS interacting region, indicating that stabilization of adsorption layer around the 
oil surface takes time. At the oil surface of emulsions, before addition of SDS, only HPMC 
molecules are adsorbed. Addition of SDS causes competition between HPMC molecules 
and the formed complexes with SDS molecules. As the HPMC-SDS complex forms a 
network structure and increases viscosity of continuous phase the process of stabilization 
of adsorption layer is very slow. After the equilibrium is reached, the stability of emulsion 
in the presence of interaction is worse compared to that without interaction and at the 
end of interaction. 
CONCLUSION 
The interaction between hidroxypropylmethyl cellulose (HPMC) and sodium dode-
cylsulfate (SDS) in the continuous phase of emulsions influenced viscosity, rheological 
properties and stability of the emulsions. 
At the SDS concentrations corresponding to the HPMC-SDS interaction in continuous 
phase, viscosity of emulsions rised with SDS concentration, reached a maximum, and after 
that decreased.  
The rheological properties of emulsion changed from pseudoplastic in the interacting 
region to a Newtonian one at the end of the interaction. 
The stability of emulsions after preparation increased in the interacting region due to 
increasing viscosity of continuous phase. The emulsion stability changed with time due to 
the competition between HPMC molecules and HPMC-SDS complexes in the adsorption 147 
layer around the oil droplets. After reaching equilibrium, the emulsion stability in the inter-
action region worsened. 
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ОСОБИНЕ ЕМУЛЗИЈА СТАБИЛИЗОВАНИХ 
ХИДРОКСИПРОПИЛМЕТИЛ ЦЕЛУЛОЗОМ 
У ПРИСУСТВУ НАТРИЈУМ ДОДЕЦИЛСУЛФАТА 
Верица Ј. Совиљ, Јелена В. Шалетић, Лидија Б. Петровић и Петар П. Докић 
Многи прехрамбени, фармацеутски и хемијски производи налазе се у облику 
емулзија. Највећи проблем емулзионих система је њихова нестабилност. Један од 
начина за спречавање коалесценције капи у емулзијама је повећање вискозитета 
континуалне фазе и снижавање површинског напона, што се постиже додавањем по-
лимера, тј. хидроколоида и површински активних материја. Уколико постоји интер-
акција између полимера и површински активних материја може да дође до про-
мене у структури адсорпционог слоја око капи уља у емулзијама, што утиче на њи-
хову стабилност. У раду је испитиван утицај присуства ниско-молекуларне површин-
ски активне материје, натријум додецилсулфата (SDS), на особине емулзија сунцо-
кретовог уља стбилизованих полимером, хидроксипропилметил целулозом (HPMC). 
Одређиване су промене вискозитета и реолошких карактеристика емулзија насталих 
интеракцијом HPMC-SDS у континуалној фази. Такође, праћене су и промене ста-
билности емулзија током два месеца стајања. Показало се да у условима интеракције 
HPMC-SDS, емулзије показују значајно повећање вискозитета, степена нењутнов-
ског понашања и стабилности. Стабилност емулзија се мења током стајања, а нај-
веће промене су запажене у условима интеракције HPMC-SDS. 
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